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(54) Printing head and printing apparatus using same 

(57) Heating elements and logic circuits are provided on the base board of a printing head, and noise inhibiting 
circuit having a hysteresis characteristic are provided between the logic circuits and the input terminals of the base 
board. The base board, heating elements, logic circuits and noise inhibiting circuits are fabricated by a semiconductor 
manufacturing process. Each noise inhibiting circuit applies an input signal that enters from an input pad to first and 
second gates constituted by two MOSFETs having threshold potentials that differ from each other. A flip-flop circuit set 
or rest by the outputs of the first and second gates is provided on the output side. The noise inhibiting circuit having the 
hysteresis characteristic is constructed between the threshold potential of the first gate and the threshold potential of 
the second gate. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 -Field of the Invention: 

This invention relates to a printing head having a plurality of recording elements (e.g., in ink-jet nozzles heatinq 
elements, wires, etc.), ink jet cartridge, and to a printing apparatus employing such a printing head. 

10 2. Description of the Related Art: 

A printing apparatus using an ink-jet printing head has become the focus of much interest not only because the 
no.se produced at the time of printing is so small as to be negligible but also because of the high printing speed and the 
ability to print on plain paper. Among such printing methods available, an ink-jet printing method described in Japanese 
« Patent Application Laid-Open (KOKAI) No. 54-51837 and German Patent Application Laid-Open (Dols) No 2843064 
differs from the others in that thermal energy is made to act upon ink to obtain a motive force for discharging a drop of 
the ink. More specifically, the printing method disclosed in these publications produces a change in state accompanying 
a sudden increase in the volume of ink acted upon by thermal energy, and discharges the ink from an orifice at the tip 
of a printing head by a working force based upon the change in state, thereby forming a jetted drop of ink The ink drop 
20 attaches itself to a printing medium to perform printing. 

The ink-jet printing method described in German Patent Application Laid-Open (Dols) No 2843064 not only is ef- 
fectively applicable to a so-called drop-on-demand printing method but, since it is of the full-line type the method also 
readily lends itself to a printing head in which multiple orifices are provided in high density. Using such a printing head 
makes it possible to obtain a high-resolution, high-quality image at high speed. 
25 The printing head of the apparatus applied to this method comprises an ink discharge section and an element base 

board. The ink discharge section has orifices provided so as to discharge the ink, and ink passageways communicating 
with the orifices and having a heat applying section for subjecting the ink to thermal energy in order to discharge the 
ink. The element base board has electrothermal transducers (heating elements) which generate thermal energy 

By virtue of technological advances made in recent years, the base board is no longer merely composed of a plurality 
30 of heating elements on a substrate. Now a driver for driving the individual heating elements, a shift register for holding 
serially entered image data, converting the data to parallel data and outputting the data, and a latch circuit for temporarily 
storing the data outputted by the shift register can all be constructed on the same element base board. 

Fig. 5 shows an example of the circuitry of the base board constructing the conventional printing head Specifically 
Fig. 5 illustrates an element base board 600, heating elements 601 , power transistors 602 constructing a driver circuit' 
35 a latch circuit 603. a shift register 604 and input pads 605 - 61 1 , namely a pad 605 for inputting a clock signal which 
is a synchronizing signal for image data that enters from pad 606, a pad 607 for entering a latch signal, a pad 608 for 
entering a drive pulse (strobe signal) to externally control the ON time of the power transistors 602 namely the time 
during which current is passed through the heating elements 601 to drive them, a pad 609 connected to a power supply 
(5 V) for driving logic circuits, a pad 610 for ground (GND) and a pad 611 connected to a power supply for drivino the 
40 heating elements. 

According to the driving sequence of the printing head having this construction, first image data from the printing 
apparatus proper is synchronized to the clock and outputted to the element base board 600 serially. This image data is 
held in the shift register 604 and is temporarily stored in the latch circuit 603 in sync with the latch signal As a result 
ON, OFF outputs conforming to the image data are latched. When heating pulses are applied under these conditions 
a power transistor which corresponds to ON ("1 ■) image data in the latch circuit 603 is turned on for the duration of the 
high-level heat pulse and a current flows into the heating element 601 connected to this power transistor, whereby the 
heating element is driven to produce heat. 

Further, the ink-jet printing head is attached and detached by the user for reasons such as replacement of an ink 
cartridge. If the printing head is not attached properly and the electrical contact between the ink-jet head and printing 

so apparatus proper is insufficient as a result, the printing head may be driven abnormally and may even be destroyed 
Accordingly, it is designed for signal lines inputted to and outputted from the element base board to be provided with 
pull-up or pull-down resistors in order to avoid these problems. 

As described above, logic circuits such as the shift register 604, heating elements and the power transistors 602 
are formed on the element base board 600. However, a problem encountered is that when a plurality of the heating 

55 elements 601 are driven simultaneously, a sudden fluctuation in current occurs and happens to cause a fluctuation in 
the voltage of the clock and the generation of noise, as a result of which the logic circuits provided on the element base 
board malfunction. 
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SUMMARY OF THE INVENTION 

Accordingly an object of the present invention is to provide a printing head in which malfunction due a noise com 
ponent contained ,n a signal applied to the head is prevented, as well as a printing apparatus which uses this printing 

Another object of the present invention is to provide a printing head in which operation of the printing head is not 
affected and .s prevented from operating erroneously depending on a noise signal included in an input sLal even if 

POOr An°l a Z S ? ,T imPr ° Pef m ° Untin9 ° f ,hS head ' 35 We " 33 8 prin,in 9 apparatus u ses this printing head 

Another object of the present invention is to provide a printing head in which a circuit having a hysteresis charac- 
ter,st,c can be formed in a simple manner by a MOS-type semiconductor manufacturing process, as well as a printing 
apparatus which uses this printing head. P'iniing 
Still another object of the present invention is to provide a printing head in which operation of the printing head is 

this printing ^he'ad. " 3 f ' UCtUa,i ° n " Si9na ' ' eVe ' ° f '"P"' Si9na '' 35 We " 38 8 prin,in9 appara,us uses 
According to the present invention, the foregoing objects are attained by providing an element base board provided 
w. th a plurality of heating elements and circuits for driving the plurality of heating elements in conformity with image 
data, the base board comprising a plurality of signal input terminals, and an input-signal processing circuit having a 
hysteresis characteristic, provided between each of the plurality of signal input terminals and each of the circuits 

Further, according to the present invention, the foregoing objects are attained by providing a printing apparatus for 
printing on a recording medium by passing a current into a printing head in conformity with a print signal, comprising a 
printing head hav.ng a base board provided with a plurality of heating elements and circuits for driving the plurality of 
heating elements ,n conformity with image data, wherein the base board includes a signal input terminal and an in- 
put-signal processing circuit, having a hysteresis characteristic, provided between the signal input terminal and the 
circuit and prmt.ng means for performing printing by outputting the image data to the printing head and driving the 
plurality of heating elements in conformity with the image data. 

Other features and advantages of the present invention will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like reference characters designate the same or similar parts 
throughout the figures thereof. - 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig J is a diagram showing the construction of a circuit for realizing a hysteresis characteristic according to a present 

embodiment; 
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Fig. 2A is a diagram showing the construction of a signal input circuit on the base of a printing head according to 
an embodiment of the present invention; 9 

Fig. 2B is a diagram showing a hysteresis characteristic of this circuit; 

Fig. 3 is a perspective view showing the external appearance of the printing section of an ink-jet printing apparatus 
according to an embodiment of the invention; 

Fig. 4 is a perspective view showing an ink jet cartridge of an ink jet printing head according to the embodiment. 

Fig. 5 is a perspective view and a partial cross section showing the construction of an element head portion of a 
printing head according to this embodiment; 

Fig. 6 is a diagram describing the related art showing a pull-up circuit and a circuit realizing hysteresis characteristics; 

Fig^7 is a diagram showing the composition of a MOS inverter on the base of the printing head according to this 
embodiment; - 

Fig. 8 is a diagram illustrating the input/output characteristic and hysteresis characteristic of an inverter used on the 
base of the printing head according to this embodiment; 

Fig. 9 is a diagram for describing the operation of a signal input circuit according to an embodiment: 
Fig. 10 is a diagram for describing the operation of the signal input circuit according to an embodiment: 
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Fig. 1 1 is a diagram for describing the operation of the signal input circuit according to an embodiment: 

Fig. 1 2 is a diagram for describing the operation of the signal input circuit according to an embodiment: 

Fig. 1 3 is a block diagram showing the construction of an ink-jet printing apparatus according to this embodiment 
of the invention; and 

Fig. 1 4 is a diagram showing the construction of a circuit of a printing head according to the prior art. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be described in detail with reference to the accompanying ' 
drawings. The construction of an ink-jet printing apparatus according loan embodiment will be described first with ref- 
erence to Figs. 2-3, and 5. 

As shown in Figs. 2 and 3, an ink-jet cartridge IJC is capable of being attached to and detached from a carriage 16 
of an ink-jet printing apparatus IJRA of this embodiment by a prescribed method. The ink-jet cartridge IJC (Fig 4) more 
than one of which can be provided in dependence upon the inks used, has an ink-jet printing head portion 200 shown 
in Fig. 5, an ink tank (or ink container) 400 and an ink sensor for sensing the amount of ink remaining in the ink tank 

Fig. 4 shows a main portion (printing head 300) of the ink-jet cartridge. The printing head 300 is supplied with an 
ink d.scharge signal, which conforms to print data, from a data supply source via a cable and a terminal connected to 
the cable. The printing head 300 includes an element base board (heater board) 330 having a plurality of heating ele- 
ments and a plate 302, provided with partitioning walls for forming flow passageways 305 connected with ink discharge 
ports 304. The plate 302 consists of a resin exhibiting excellent resistance to ink. Examples of such resins are polysulfone 
polyether sulfone, polyphenylene oxide and polypropylene. The ink tank 400 stores ink supplied to the printing head 
300 and is constituted by an ink suction unit, a vessel for inserting the ink suction unit and a cover member for sealing 
the vessel. None of these components are shown. Ink stored in the ink tank 400 is supplied to the printing head 300 in 
successive fashion via an ink supply passage 303 in dependence upon the amount of ink discharged from ink discharae 
ports 304. a 

With reference again to Fig. 3, the carriage 16 is coupled to part of a drive belt 18 which transmits the driving force 
of a drive motor 1 7 so that the carriage 1 6 can be slid along two parallel guide shafts 1 9A, 1 9B. thereby making it possible 
to reciprocate the printing head 300 across the full width of a printing medium (recording paper). Relative movement 
between the carriage 1 6 and the printing medium is controlled by input of a prescribed printing signal, whereby a desired 
printed image is formed on the printing surface of the recording paper fed from a paper supply unit 25 to a platen 24 
which is a convey means. 

A head recovery unit 26 is provided at one end of the traveling path of the printing head 300. such as at a position 
confronting the home position. The head recovery unit 26 is operated by driving force provided by a motor 22 via a motor 
mechanism 23 and functions to cap the printing head 300. In operative association with the capping of the printing head 
300 by a cap portion 26Aof the head recovery unit 26, ink is drawn in by suction means provided within the head recovery 
un.t 26 or ink is forcibly expelled from the ink discharge ports by pressurizing means provided in the ink supply path to 
the printing head 300, whereby a discharge recovery treatment for removing viscous ink from the interior of the flow 
passages is carried out. By capping the printing head 300 at the conclusion of printing, the head 300 is protected and 
is prevented from drying out. 

A blade 31 is disposed at the side of the head recovery unit 26 and comprises a wiping member consisting of silicone 
rubber. The blade 31 is held by a blade retaining member 31 A in cantilevered fashion and is actuated by the motor 22 
and motor mechanism 23 in the same manner as the head recovery unit 26 so as to be capable of engaging the discharge 
surface of the printing head 300. As a result, the blade 31 is projected into the path of movement of the printing head 
300 at a suitable timing during the printing operation of the printing head 300 or at the time of discharge recovery using 
the head recovery unit 26. Thus, as the printing head 300 moves, the blade 31 wipes the discharge surface of the printing 
head 300 to remove condensation, moisture and dust. 

Fig. 5 is a perspective view and a partial cross section showing the construction a main portion of the printing head 
300 according to this embodiment. As described above, the ink-jet printing head 300 is formed by attaching flow-path 
wall members 306, which form the flow passageways 305 communicating to a plurality of discharge ports 304 and the 
grooved member 302 having the ink supply passage 303. In this case, the ink supplied from the ink supply passage 303 
temporarily accumulates in a common liquid chamber 307 within the head and is supplied to each of the flow passage- 
ways 305. By supplying current to the heating element 301 on the element base board 330 under these conditions ink 
is discharged from the discharge ports 304. 

Fig. 1 shows an equivalent circuit of a hysteresis circuit using potential (voltage) dividing resistors, which are formed 
on an element base board by using a manufacturing process of a semiconductor as well as forming switching transistors 
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and logic circuits as shift registers and the like. 

In Fig. 1, 505 represents an input pad for receiving an electrical signal supplied with an element base board from 
an external device. The hysteresis circuit is provided between the pad 505 and the logic circuit. Resistors Rl and R2 
are potential dividing resistors which divide the potential at a point A and provide the hysteresis characteristics, i.e. 
5 changing threshold value of the input at rise time and decay time. 

When the circuit is provided on the element base board, a printing head in which operation of the printing head is 
not affected and is prevented from operating erroneously depending on a noise signal, even if most of heating elements 
on the board are simultaneously driven. The description of the principle for preventing erroneous operation based on 
the hysteresis characteristics are described later with reference to Fig. 2B. 
'0 Further, the hysteresis circuit is integrated into the element base board having logic circuits as shift register and 

latch circuit. It is possible to minimize the size of the printing head and to simplify the processing of manufacturing a 
printing head. 

According to the above-described embodiment, in order to prevent erroneous operation caused by a noise signal, 
the hysteresis circuit is integrated into the element base board. The inventors of the present application have studied 
to manufacture the element base board of a printing head in which a circuit is integrated. The element base board can 
not only protect erroneous operation caused by a noise signal, but also can protect the destruction or runaway of the 
base board caused by a poor contact of the printing head. 

Fig. 6 is an equivalent circuit diagram in which a hysteresis circuit based upon potential division by resistors and a 
pull-up resistor are simultaneously introduced between the input pad 505 and logic circuits on the element base board 
20 of the printing head. 

However, if the circuit shown in Fig. 6 is adopted, interfere described later with each other circuit can be found. How 
the hysteresis circuit and the pull-up resistor interfere with each other will now be described in simple terms. In Fig. 6, 
R represents a pull-up resistor. If the ink-jet printing head is not attached properly a signal applied to the pad in Fig. 4 
tends to "float" or attain a high impedance. The pull-up resistor R is for the purpose of establishing a logic level (a high 
level, since this is a pull-up resistor) to prevent runaway and destruction. Resistors R A , R 2 are potential-dividing resjs'tors 
which divide the potential at a point B to change the threshold value of the input at rise time and decay time, as described 
above. The voltage-dividing resistance values will be considered for a case where, by way of example, the resistance 
value of the pull-up resistor R is 100 KO and the ratio of the resistance value of F{, to that of R 2 is 1:2.5 (where the 
threshold value is 0.7 V DD at rise time and 0.3 V DD at decay time). When the potential of the pad floats in a case where 
the potential at point C is at the low level (O V), the potential at the output point (point C) must be raised to the high level 
by the pull-up resistor R. To accomplish this, the potential at point B must be made higher than the threshold value 
(usually 2.5 V) of an inverter 501. Since the potential at point B is represented by [(R+Rt) x V DD /(R+R 1+ R 2 )]; it is 
required that the resistance value of the resistor R-, be made more than 14 times (or a value greater than 1400 KQ, for 
example) the resistance value of the pull-up resistor R from the threshold-value margin in order to make the input of the 
35 inverter 501 greater than the input threshold value of the inverter 501 . Furthermore, the resistance value of the resistor 
R 2 becomes 2.5 times (or 3500 Kil, for example) the resistance value of the resistor R v However, a resistor having 
such a high resistance value is difficult to manufacture in a semiconductor manufacturing process to a high precision. 

In a case where the above-mentioned resistors are provided on the element base board of the printing head to 
simultaneously attain the foregoing two objectives, namely the elimination of noise by hysteresis based upon voltage 
*o division by means of resistors and the introduction of pull-up or pull-down resistors as a fail-safe expedient when contact 
is poor, the resistors interfere with each other. More specifically, since the pull-up and pull-down resistors directly affect 
input impedance, resistance values on the order of several tens of kilohms to several hundred kilohms are required in 
view of power consumption and ability to drive the element base board of the printing head. In order to reduce the effect 
of the voltage dividing resistors on the input impedance in such case, the resistance values of the voltage dividing 
resistors must be enlarged to several megohms. Providing a plurality of such high-precision resistors is a considerable 
burden in terms of manufacture and invites an increase in manufacturing cost. 

Fig. 2A is a diagram showing an example in which a pull-up resistor and a hysteresis circuit are simultaneously 
introduced into the base board of a printing head according to this embodiment. By way of example, the circuit is provided 
between each input pad of the printing-head base board in the related art (Fig. 6) and the circuitry such as the AND 
50 gates, shift register 604 and latch circuit 603. 

The arrangement of Fig. 2A includes a MOS inverter 100 having a threshold value of 3.5 V (= 0.7 X V DD , where 
V DD = 5 V), a MOS inverter 101 having a threshold value of 1.5 V (= 0.3 x V DD ), an ordinary inverter circuit 102 having 
a threshold value of 2.5 V (= 0.5 x V DD ), NAND gates 103, 104 and an input pad 105. 

The input/output characteristic of this circuit is as shown in Fig. 2B. When a signal indicated at 110 in Fig. 2B enters 
at the pad 105, a flop-flop constructed by the NAND gates 103, 104 is initially reset so that the output signal (OUT) 
assumes the low level. When the output of the inverter 100 falls to the low level at the moment the input signal 110 
exceeds 0.7 V DD (= 3.5 V), the output of the NAND gate 103 attains the high level and so does the output (OUT). Next, 
when the potential of the input signal 110 declines, the output of the inverter 101 is inverted at the moment this potential 
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falls below 0.3 V DD <= 1 .5 V). Thus the output of the inverter 101 rises to the high level and so does the output of NAND 
gate 104, as a result of which the output signal (OUT) falls to the low level. The waveform of the output signal (OUT! is 
shown at 111 in Fig. 1B. ' 

Thus, the circuit shown in Fig. 2A has a hysteresis characteristic, in which the threshold value is 0 7 V DD at rise 
time and 0.3 V DD at decay time. As a result, the circuit is strongly resistant to noise. In addition, since the inverters 1 00 
101 are MOS inverters, the input impedance thereof is substantially infinite with respect to the pull-up resistor R There- 
fore, the potential at point A in Fig. 2A becomes sufficiently near V DD if the potential of pad 1 05 floats As a result there 
is no influence from the voltage-dividing resistance of the hysteresis circuit, as occurs in the prior art. When the potential 
of pad 105 floats, the output (OUT) can be raised to the high level with assurance. 

The circuit arrangement for changing the threshold values of the inverters 1 00, 1 01 in Fig. 2A will now be described 
Fig. 7 is a diagram illustrating an example of a MOS inverter, in which L and W indicate the length and width 
respectively, of a MOSFET Numeral 1 20 denotes an input signal line from the input pad 1 05, and numeral 1 21 desianates 
an output signal (OUT) line. 

Fig. 8 illustrates a characteristic in which the gate voltages of an NMOS and a PMOS are plotted against the drain 
current which flows at such time, as well as the hysteresis characteristic that accompanies this characteristic. 

Ordinarily, a MOS inverter is constructed in such a manner that the channel resistances of the PMOS and NMOS 
portions are made approximately the same, as indicated by the solid lines 1 30, 1 31 , so that the threshold value becomes 
0.5 VDD at the center. Channel resistance can be increased or decreased by changing [L (length)/W (width)] of the gate 
in Fig. 7. Accordingly, L and W are set with regard to the inverter 100 of Fig. 2A so as to establish the relation 

channel resistance (NMOS) > channel resistance (PMOS) 
and with regard to the inverter 101 so as to establish the relation 

channel resistance (NMOS) < channel resistance (PMOS). 
As a result, as indicated by the hysteresis characteristic of Fig. 8, inverter circuits having different threshold values from 
each other can be formed on the same printing head base by the process used to manufacture an ordinary logic circuit 

The operation of a hysteresis circuit thus constructed using inverters having two different threshold values will now 
be described with reference to Figs. 9 through 12. 

Fig. 9 illustrates a situation in which 0 V is being applied from the input pad 105. The points P1 ~ P6 indicated by 
the black circles in Figs. 9-12 represent the voltages or logic levels at the respective points. Fig. 10 shows a case in 
which the potential at the input pad 1 05 has changed from 0 V to 1 .5 V. Since the threshold value of the input signal to 
the inverter 101 is 1.5 V, the potential at point P3 changes from the high level to the low level and the potential at point 
P4 changes from the low level to the high level. 

Fig. 11 illustrates a case in which the signal level at the input pad 105 has changed from 1.5 V to 3 5 V. Since the 
input threshold value of the inverter 100 is 3.5 V, the output of the inverter 100 is inverted and the potential at point P2 
assumes the low level. As a result, the potential level of the output (P5) of NAND gate 103 is inverted and rises to the 
high level. It may thus be understood that the signal potential of the input pad 105 becomes 3.5 V and that the output 
(OUT) rises to the high level. Even if the potential of the input pad 105 rises further to 5 V, the level of the output signal 
is maintained and remains at the high level, as shown in Fig. 12. Further, even if the potential at the input pad 105 
assumes the floating state, the potential at point P1 is maintained at 5 V. 

Next, in a case where the potential at the input pad 1 05 falls from 5 V to 0 V, the inverter 1 00 whose input threshold 
value is 3.5 V DD is inverted earlier than the inverter 101 at the moment the potential at point P1 attains the value of 3 5 
V. In this case, the potential at point P6 is at the low level, however, and therefore the output (OUT) is unaffected When 
the potential at the input pad 105 falls to 1 .5 V DD , the inverter 101 is inverted, its output attains the high level (point P3) 
the potential at point P4 falls to the low level, the potential at point P6 rises to the high level and the output (OUT) chanaes 
to the low level. y 

Thus, the input-signal processing circuit on the base of the printing head is provided with a hysteresis characteristic 
As a result, when the input signal is at the low level (0 V), the output is not inverted until the level rises to 3 5 V When 
the input signal is at the high level (greater than 3.5 V), the output is not inverted until the input signal level falls below 
1 .5 V. Thus, it is possible to obtain a hysteresis characteristic having an improved noise margin. 

According to this embodiment, the description is based upon use of a pull-up resistor. However, it goes without 
saying that the same effects are obtained if a pull-down resistor is used. 

Further, a circuit arrangement in which a plurality of inverters having different threshold values are prepared and 
the outputs thereof are suitably selected to attain the object of this embodiment is not limited to the circuit of this em- 
bodiment. 

By installing the printing head 300 having the above-described printing head base in a printing apparatus and pro- 
viding the printing head 300 with a print signal from the printing apparatus, resistance to noise can be improved and 
printing having a high image quality can be performed at high speed. 

Fig. 1 3 is a block diagram showing the basic construction of an ink-jet printing apparatus according to the embod- 
iment shown in Fig. 3. Components identical with those of the above-described embodiment 
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As shown in Fig. 13, the apparatus includes a controller 200 for overall control of the printing apparatus motor 
drivers 201 , 202 for rotatively driving a carriage motor 1 7 and a paper-feed motor 204, respectively, in accordance with 
signals from the controller 200, and the printing head 300. The latter includes signal input circuits 150, namely circuits 
of the kind shown in Fig. 1 . The other components on the base of the printing head basically are the same as those on 
s the base of the conventional printing head shown in Fig. 5. These components are designated by like reference char- 
acters and need not be described again. Numeral 203 denotes in Fig. 12 denotes a signal line on which signals are 
delivered from the controller 200 to the printing head 300. 

In the foregoing description, an example is described in which the base of a printing head is employed in the printing 
head of an ink-jetting type. However, this does not impose a limitation upon the invention for the base can also be applied 
io to that for a thermal head. 

Among the ink-jet printing methods available, the present invention provides outstanding effects especially in printing 
heads which jet ink by utilizing thermal energy, as wet! as in printers that use such printing heads. 

With regard to a typical configuration and operating principle, it is preferred that the foregoing be achieved using 
the basic techniques disclosed in the specifications of USP 4,723,129 and 4,740,796. This scheme is applicable to both 
so-called on-demand-type and continuous-type apparatus. In the case of the on-demand type, at least one drive signal, 
which provides a sudden temperature rise that exceeds that for film boiling, is applied, in accordance with printing in- 
formation, to an electrothermal transducer arranged to correspond to a sheet or fluid passageway holding a fluid (ink) 
As a result, thermal energy is produced in the electrothermal transducer to bring about film boiling on the thermal working 
surface of the printing head. Accordingly, air bubbles can be formed in the fluid (ink) in one-to-one correspondence with 
the drive signals. Owing to growth and contraction of the air bubbles, the fluid (ink) is jetted via the discharge port so as 
to form at least one droplet. If the drive signal has the form of a pulse, growth and contraction of the air bubbles can be 
made to take place rapidly and in appropriate fashion. This is preferred since it will be possible to achieve fluid (ink) 
jetting having excellent response. Signals described in the specifications of USP 4,463,359 and 4,345,262 are suitable 
as drive pulses having this pulse shape. It should be noted that even better recording can be performed by employing 
the conditions described in the specification of USP 4,313,124, which discloses an invention relating to the rate of 
increase in the temperature of the above-mentioned thermal working surface. 

In addition to the combination of the discharge port, fluid passageway and electrothermal transducer (in which the 
fluid passageway is linear or right-angled) disclosed as the construction of the printing head in each of the above-men- 
tioned specifications, the present invention covers also an arrangement using the art described in the specifications of 
30 USP 4,558,333 and 4,459,600, which disclose elements disposed in an area in which the thermal working portion is 
curved. Further, it is possible to adopt an arrangement based upon Japanese Patent Application Laid-Open No. 
59-123670, which discloses a configuration having a common slit for the ink discharge portions of a plurality of electro- 
thermal transducers, or Japanese Patent Application Laid-Open No. 59-1 38461 , which discloses a configuration having 
openings made to correspond to the ink discharge portions, wherein the openings absorb pressure waves of thermal 
35 energy. 

As a printing head of the full-line type having a length corresponding to the maximum width of the recording medium 
capable of being printed on by the printing apparatus : use can be made of an arrangement in which the length is satisfied 
by a combination of plural printing heads, or an arrangement in which an individual printing head is formed as an inte- 
grated unit. The present invention makes it possible to manifest the foregoing effects to a greater degree. 

Further, it is possible to use a freely exchangeable tip-type printing head attached to the main body of the apparatus 
and capable of being electrically connected to the main body of the apparatus and of supplying ink from the main body, 
or a cartridge-type printing head in which an ink tank is integrally provided on the printing head itself. The present 
invention is effective in both cases. 

The addition of recovery means for the printing head and spare auxiliary means provided as components of the 
printing apparatus of the invention is desirable since these stabilize the effects of the invention greatly. Specific examples 
of these means that can be mentioned are capping means for capping the printing head, cleaning means, pressurizing 
or suction means, and preheating means such as an electrothermal transducer or another heating element or a combi- 
nation thereof. Implementing a preliminary ink discharge mode for performing jetting separately of printing also is effective 
in order to perform stabilized printing. 

The printing mode of the printing apparatus is not limited merely to a printing mode for a mainstream color only, 
such as the color black. The printing head can have a unitary construction or a plurality of printing heads can be combined. 
It is possible to use an apparatus having at least one printing mode for a plurality of different colors or for full-color 
printing using mixed colors. 

The present invention can be applied to a system constituted by a plurality of devices or to an apparatus comprising 
a single device. Furthermore, it goes without saying that the invention is applicable also to a case where the object of 
the invention is attained by supplying a program to a system or apparatus. 

Thus, in accordance with the embodiment of the invention as described above, a hysteresis circuit for noise coun- 
termeasures can be introduced at an input port to protect erroneous operation caused by a noise signal, and the hys- 
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teresis circuit and a pull-up or pull-down resistor serving as fail-safe means in the event of poor contact can be introduced 
at the input port of a base board of a printing head without interfering with each other. This makes it possible to provide 
a printing head excelling in noise resistance and safety. 

In accordance with the present invention as described above, it is possible to prevent malfunction due a noise 
5 component contained in a signal applied to a printing head. 

Further, in accordance with the present invention, a circuit having a hysteresis characteristic can be formed in a 
simple manner by a MOS-type semiconductor manufacturing process. 

Further, in accordance with the invention, it is possible to provide a printing head in which operation of the printing 
head is not affected even if poor con-tact results from improper mounting of the head, as well as a printing apparatus 
io which uses this printing head. 

As many apparently widely different embodiments of the present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the invention is not limited to the specific embodiments thereof except 
as defined in the appended claims. 
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Claims 



1. An element base board provided with a plurality of heating elements and circuits for driving said plurality of heating 
elements in conformity with image data, comprising: 

20 a pfurality of signal input terminals; and 

an input-signal processing circuit, having a hysteresis characteristic, provided between each of said plurality 
of signal input terminals and each of said circuits. 

2. The element base board according to claim 1 , wherein said input-signal processing circuit includes: 
25 at least two gates having input threshold values that differ from each other; and 

a signal-level holding circuit for deciding an output signal in conformity with outputs of said at least two gates. 

3. The element base board according to claim 1 , wherein said input-signal processing circuit is integrally formed 
together with said printing elements and said circuits by a semiconductor manufacturing process 

30 

4. The element base board according to claim 1 , wherein each of said circuits includes at least a shift register and a 
latch circuit. 

5. The element base board according to claim 1 , wherein said signal input terminals of said input-signal processing 
35 circuit are connected to either pull-up resistors or pull-down resistors. 

6. The element base board according to claim 1 , wherein the gate of said input-signal processing circuit is constituted 
by a MOSFET, and said at least two gates have their input threshold values made different by changing a ratio of 
width to length of the gate constituted by the MOSFET 

40 

7. The element base board according to claim 1 , wherein said at least two gates are inverter circuits. 

8. The element base board according to claim 1 , wherein said signal-level holding circuit is flip-flop. 

4* 9. A printing head having the element base board according to claim 1 . 

10. The ink jet head, comprising: 

an element base board provided with a plurality of heating elements and circuits for driving said plurality of 
heating elements in conformity with image data, said element base board having; 
50 a plurality of signal input terminals; and 

an input-signal processing circuit, having a hysteresis characteristic, provided between each of said plurality 
of signal input terminals and each of said circuits; and 

ink supply passages, each of which is provided in correspondence with each of said plurality of heating ele- 



ments. 



11. The ink jet head according to claim 10, wherein said input -signal processing circuit includes: 
at least two gates having input threshold values that differ from each other; and 

a signal-level holding circuit for deciding an output signal in conformity with outputs of said at least two gates. 
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12. The ink jet head according to claim 10, wherein said input-signal processing circuit is integrally formed together with 
said printing elements and said circuits by a semiconductor manufacturing process. 

13. The ink jet head according to claim 10, wherein each of said circuits includes at least a shift register and a latch circuit. 

14. The ink jet head according to claim 10, wherein said signal input terminals of said input-signal processing circuit 
are connected to either pull-up resistors or pull-down resistors. 

15. The ink jet head according to claim 10, wherein the gate of said input-signal processing circuit is constituted by a 
MOSFET, and said at least two gates have their input threshold values made different by changing a ratio of width 
to length of the gate constituted by the MOSFET. 

16. The ink jet head according to claim 10, wherein said at least two gates are inverter circuits. 

17. The ink jet head according to claim 10, wherein said signal-level holding circuit is flip-flop. 

18. A printing head having the element base board according to claim 1 . 

19. An ink cartridge, comprising: 

20 said ink jet head according to claim 1 0; and 

ink container for accommodating ink to be supplied to said ink jet head. 

20. An ink jet apparatus, comprising: 

said ink jet head according to claim 10; 
25 carrying means for carrying said ink jet head; and r 

signal supply means for supplying signals to said element base board. 

21. An ink jet apparatus, comprising: 

said ink jet head according to claim 10; 
30 carrying means for carrying said ink jet head; and 

conveying means for conveying a printing medium. 

22. An element base board provided with at least a plurality of heating elements and circuits for driving said plurality of 
heating elements in conformity with print data, comprising: 

35 a plurality of signal input terminals; and 

an input-signal processing circuit provided between each of said plurality of signal input terminals and each 
of said circuits: 

said input-signal processing circuit having: 

first and second gates to which signals from each of said plurality of signal input terminals are applied; and 
a signal-level holding circuit for setting an output signal level in conformity with an output from said first 
gate and resetting the output signal level in conformity with an output from said second gate; 

said first gate having an input threshold potential set to be higher than a threshold potential of said second gate. 

23. The element base board according to claim 22, wherein said signal-level holding circuit is a flip-flop circuit con- 
45 structed by at least 2 gates. 

24. A printing apparatus for printing on a recording medium by passing a current into a printing head in conformity with 
a print signal, comprising: 

a printing head having' an element base board provided with a plurality of heating elements and circuits for 
driving said plurality of heating elements in conformity with image data, wherein said base board includes a signal 
input terminal and an input-signal processing circuit, having a hysteresis characteristic, provided between said signal 
input terminal and said circuit; and 

printing means for performing printing by outputting the print signal to said printing head and driving said 
plurality of heating elements in conformity with the image data. 
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25. The apparatus according to claim 24, wherein said input-signal processing circuit includes: 
at least two gates having input threshold values that differ from each other; and 

a signal-level holding circuit for deciding an output signal in conformity with outputs of said at least two gates. 
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26. The apparatus according to claim 24, wherein said input-signal processing circuit is integrally formed together with 
said printing elements and said circuits by a semiconductor manufacturing process. 

27. The apparatus according to claim 24, wherein each of said circuits includes at least a shift register and a latch circuit. 

28. The apparatus according to claim 24, wherein said signal input terminal is connected to either a pull-up resistor or 
a pull-down resistor. 

29. The apparatus according to claim 24, wherein the gate of said input-signal processing circuit is constituted by a 
io MOSFET, and said at least two gates have their input threshold values made different by changing a ratio of width 

to length of the gate constituted by the MOSFET. 

30. The apparatus according to claim 24, wherein said printing head is a head for ink-jet printing. 

*5 31. An input signal processing circuit having a hysteresis characteristic for use between a signal input terminal and a 
drive circuit for a heating element of an element base board, ink jet head, ink jet cartridge or a printing apparatus. 

32. An element substrate, an ink jet head : ink jet cartridge or printing apparatus wherein an input signal processing 
circuit having a hysteresis characteristic is provided between signal input terminals and drive circuits of heating 
20 elements of the substrate, ink jet head, ink jet cartridge or printing apparatus. 



25 



30 



35 



40 



45 



SO 



55 



BNSDOCID: <EP 0694391A2 I > 



10 



EP 0 694 391 A2 



FIG. 1 




POINT B 



OUT 



NSDOCID <:EP 069^391 A? I 



11 



EP 0 694 391 A2 



VDD 



101 N 102 



FIG. 2A 




OUT 



104 



VDD 



FIG. 2B 



0.7VDD 
0.5VDD 
0.3VDD 

GND 



•111 



110 



BNSDOCtD: <EP 0694391 A2 ] > 



12 




BNSDOCID: <EP 0694391 A? I > 



13 



EP 0 694 391 A2 



FIG. 



uc 




400 



200 



BNSDOCID: <EP 069439 1A2 I > 



14 



r . 

4 

EP 0 694 391 A2 




FIG. 6 




POINT C 



OUT 



-MSDOCID i£P OSc-J^iA? I > 



15 



EP 0 694 391 A2 



FIG. 7 



INPUT 




] ELEMENT AREA 



16 



EP 0 694 391 A2 



FIG. 8 



PMOS 



DRAIN CURRENT 



NMOS 



PMOS 
R(L/W) 
LARGE 




NMOS 
R(UW) 
LARGE 



GATE 



GND 



VDD 



OUTPUT 



GND 



GND 



0.3VDD 0.5VDD 0.7VDD 



VDD VOLTAGE 




R(PMOS) > R(NMOS) 
R(PMOS) = R(NMOS) 
R(PMOS) < R(NMOS) 



INPUT 



VDD 



17 



BNSDOCID: <EP 065J391A2 I > 





BNSDOCtD' <EP I > 



18 



EP0 694 391 A2 



FIG. 11 

VDD 




OUT 




19 



EP 0 694 391 A2 




BNSDOCID' <EP 069439 1A2 I > 



20 



EP 0 694 391 A2 




21 



ran****** 0 * 



(19) 




Eur paisches Pat ntamt 
Eur pean Patent Office 
Office uropeen des brevets 





(12) 



(88) Date of publication A3: 

15.05.1996 Bulletin 1996/20 



(n) EP 0 694 391 A3 

EUROPEAN PATENT APPLICATION 

(51) Intel 6; B41J 2/05 



(43) Date of publication A2: 

31.01.1996 Bulletin 1996/05 

(21) Application number: 95305178.6 

(22) Date of filing: 25.07.1995 



(84) Designated Contracting States: 


• Furukawa, Tatsuo, c/o Canon K.K. 


DE FR GB IT 


Ohta-ku, Tokyo (JP) 


(30) Priority: 29.07.1994 JP 179212/94 


• Maru, Hiroyuki, c/o Canon K.K. 


Ohta-ku, Tokyo (JP) 


(71) Applicant: CANON KABUSHIKI KAISHA 


(74) Representative: 


Tokyo (JP) 


Beresford, Keith Denis Lewis et al 




BERESFORD & Co. 


(72) Inventors: 


2-5 Warwick Court 


• Imanaka, Yoshiyuki, c/o Canon K.K. 


High Holborn 


Ohta-ku, Tokyo (JP) 


London WC1R 5DJ (GB) 



(54) Printing head and printing apparatus using same 



(57) Heating elements and logic circuits are provid- 
ed on the base board of a printing head, and noise in- 
hibiting circuit having a hysteresis characteristic are pro- 
vided between the logic circuits and the input terminals 
of the base board. The base board, heating elements, 
logic circuits and noise inhibiting circuits are fabricated 
by a semiconductor manufacturing process. Each noise 
inhibiting circuit applies an input signal that enters from 



an input pad to first and second gates constituted by two 
MOSFETs having threshold potentials that differ from 
each other. A flip-flop circuit set or rest by the outputs 
of the first and second gates is provided on the output 
side. The noise inhibiting circuit having the hysteresis 
characteristic is constructed between the threshold po- 
tential of the first gate and the threshold potential of the 
second gate. 



FIG. 1 



CO 

< 




POINT B 



OUT 



CO 

^ > 

CO 

o 

Q_ 
LU 



Printed by Jouve. 75001 PARIS (FR) 



riMerwin .-co 



EP 0 694 391 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 95 30 5178 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



p.x, 
i 



Citation of document with indication, where appropriate, 
of relevant passages 



EP-A-0 641 655 (CANON KABUSHIKI KAISHA) 



* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 007 no. 144 (E-183) ,23 June 1983 

& JP-A-58 056519 (FUJITSU KK) 4 April 

1983, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 016 no. 300 (E-1227) ,2 July 1992 

& JP-A-04 081118 (NEC CORP) 13 March 

1992, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 008 no. 107 (E-245) ,19 May 1984 
& JP-A-59 022443 (FUJI DENKI S0UG0U 
KENKYUSHO: KK; OTHERS: 01) 4 February 1984, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 006 no. 016 (E-092) ,29 January 1982 

& JP-A-56 136033 (NEC CORP) 23 October 

1981, 

* abstract * 



The present search report has been drawn up for all claims 



Relevant 
to i 



CLASSIFICATION OF THE 
APPLICATION (lnt.CL6) 



1,3,4,9, 
10,12, 
13, 

18-21, 
24,26, 
27,30-32 



2,7,11, 
16,22,25 



2,7,8, 
16,17,23 



B41J2/05 



2,6,15 



5,14 



TECHNICAL FIELDS 
SEARCHED (lmCl.6) 



B41J 



Piau of tearefc 

THE HAGUE 



Oait •* CAwpJHto* of Ike itardi 

8 March 1996 



Meulemans, J-P 



CATEGORY OK CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant it combined with another 

document of the same category 
A : techno logical background 
O : non writ tot diidusure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent dncumcnt, but published on, or 

after the filing date 
I) : document cited in the application 
L : document cited tor other reasons 

& ; member of the same patent family, corresponding 
document 



2 



